A new series of adamantanyl-1,3-thiazole and 1,3,4-oxadiazole derivatives (6a-l), bearing various aryl groups has been synthesized from adamantan-1-nitrile in four steps. All the compounds were evaluated, in vitro, for antiproliferative activity against a large panel of human tumor-derived cell lines. Compounds 6e exhibited activity against human splenic B-lymphoblastoid (WIL-2NS) and human acute B-lymphoblastic leukemia (CCRF-SB) cell lines with CC 50 = 68 and 42 µM, respectively. Compound 6l showed activity against CCRF-SB cell lines with CC 50 = 51 µM. All the other compounds were found inactive.
typical non-nucleoside reverse transcriptase inhibitors. 7, 8 Burstein et al. 9 developed adamantane derivatives, in which the adamantane moiety is chemically linked to a water soluble polyanionic matrix. These derivatives proved to be good inhibitors of replication in early stages of HIV-1. In addition, the activity of some adamantane derivatives has recently improved their use in clinical therapeutic efficacy of interferon/ribavirin combination against hepatitis C. 10 Some other adamantyl derivatives have been used as anti-inflammatory, [11] [12] [13] [14] antimicrobial, [15] [16] [17] antimalarial 18 and antidepressant 19 agents as well as inhibitors of 11β-hydroxysteroid dehydrogenase type 1 (11β-HSD1). 20 We have recently reported the synthesis and biological activities of various azoles. [21] [22] [23] In the present study, we selected three pharmacophores i.e. 1,3-thiazole, 1,3,4-oxadiazole and adamantyl precursors, to build up potent molecules possessing these three backbones, aiming to investigate their anticancer and antiviral activities.
Results and Discussion
Adamantan-1-nitrile was selected as starting material for the synthesis of target compounds. The nitrile was converted into thioamide 3 (52%), using P 4 S 10 followed by its treatment with ethyl bromopyruvate to afford 4 (80%). Hydrazinolysis of 4 gave the carbohydrazide-1,3-thiazole 5 in 75% yield. Heating 5 with substituted benzoic acids in the presence of polyphosphoric acid (PPA) furnished 1,3,4-oxadiazole derivatives 6a-l in 61-66% yield. The synthetic reactions are summarized in scheme 1.
Scheme 1. Synthesis of 2-(2-adamantyl-1,3-thiazol-4-yl)-5-aryl-1,3,4-oxadiazoles.
The synthesis of 3 was confirmed in the IR and NMR spectra. In the IR spectrum, the typical sharp absorptions at ν max 3424 and 3323 cm -1 characteristic of the primary NH 2 group were observed. The 1 H-NMR spectrum exhibited two singlets at δ 7.95 and 7.10 attributed to the NH 2 protons. In the 13 C-NMR spectrum, the downfield signal at δ 218.9 was assigned to the thiocarbonyl carbon. Additional support for the formation of 3 was obtained by appearance of the molecular ion peak in the mass spectrum at m/z 195. The structures of compounds 4 and 5 were also established using IR and NMR spectroscopy and the molecular mass confirmed by MS. The IR spectra of 4 and 5 exhibited absorptions corresponding to the carbonyl groups at ν max 1732 and 1663 cm -1 , respectively. In the 13 C-NMR spectra, the signals at δ 161.7 and 162.2 were attributed to the carbonyl carbon atoms in compound 4 and 5, respectively. In the 1 H-NMR of compound 5, a broad singlet observed at δ 8.48 was assigned to the NH 2 group. Additional support for formation of 4 and 5 were obtained by appearence of the molecular ion peaks in the mass spectra at m/z 291 and 277, respectively.
The structures of 6a-l were confirmed by the IR, NMR and mass spectra. The IR spectra were characterized by the C-O absorptions in the range ν max 1262-1102 cm -1 , an indicative for the 1,3,4-oxadiazole ring formation. In the 1 H NMR spectra, four aromatic protons were appeared in the range of δ 7.33-8.33 ppm. The singlets in the range δ 7.88-8.12 were assigned to H-5 of the thiazole moiety. In the 13 C-NMR spectra, the resonances in the region δ ~161.0 and δ ∼163.0 were assigned to C-2 and C-5 of the oxadiazole ring, respectively. The carbons of the adamantane moiety were located at the region δ 28.5-43.1 ppm. Compound 6d was selected for further NMR study. From the gradient 24 selected HMBC spectrum of 6d, H-5 of the thiazole ring at δ H 8.09 showed a 3 J C,H couplings with C-2 of the thiazole ring at δ C 183.8 and C-2 of the oxadiazole ring at 160.9 ppm.
Furthermore, a 2 J C,H coupling of the same proton with C-4 of the thiazole ring at δ C 139.2 ppm was also observed. 
In vitro antiproliferative activity

Experimental Section
General Procedures. Melting points are uncorrected and were measured on a Gallenkamp melting point apparatus (MP-D). The elemental analysis was performed on Leco CHNS-932 Elemental Analyzer, Leco Corporation (USA). N MR spectra were recorded on a Bruker Avance 300 MHz spectrometer with TMS as an internal standard and on the 75 MHz ( 13 C) (scale in δ). The multiplicities are expressed as s = singlet, bs = broad singlet, d = doublet, dd = doublet of doublets, dt = doublet of triplets, t = triplet and m = multiplet. Mass spectra were recorded on Agilent technologies 6890N gas chromatograph and an inert mass selective detector 5973 mass spectrometer. The R f -values were determined employing pre-coated silica gel aluminium plates, Kieslgel 60 F 254 from Merck (Germany), using n-hexane: ethyl acetate (7:3) as an eluent unless otherwise mentioned. Column chromatography was carried out using silica gel 60 (0.063-0.200 mm) purchased form Merck. The IR spectra were recorded on FTS 3000 MX, Bio-Rad Merlin (Excalibur Model) spectrophotometer.
2-Adamantanethioamide (3)
. P 4 S 10 (5.33 g, 12.00 mmol) was stirred at room temperature in EtOH (25 mL) for 2 h. Adamantane-1-nitrile (1.0 g, 6.20 mmol) was added to the above solution and the reaction mixture heated under reflux for 12 h. After completion of the reaction, the solution was concentrated in vacuo, diluted with water and extracted with CH 2 Cl 2 (3 x 50 mL). The combined organic extracts were dried (Na 2 SO 4 ), filtered and concentrated in vacuo and the yellow liquid was refrigerated. The resulting white crystals were filtered, dried and recrystallized from aq. 
General procedure for the synthesis of 2-(2-adamantyl-1,3-thiazol-4-yl)-5-aryl-1,3,4-oxadiazoles (6a-l)
A mixture of 5 (0.50 g, 1.8 mmol) and substituted benzoic acid (1.8 mmol) was heated at 100-120 °C in presence of excess polyphosphoric acid (PPA) for 4 h. After cooling, the mixture was poured into crushed ice, and neutralized with 5% aq. NaHCO 3 solution. The precipitated solid was filtered and purified using column chromatography (petroleum ether : ethyl acetate; 9 : 1). 
Cytotoxicity assays
Cell cultures were seeded at 1x10 5 cells/mL in 96 multiwell plates in specific media supplemented (5%) atmosphere supplemented with 10% FCS and antibiotics then incubated atand antibiotics and incubated at 37 °C in a humidified CO 2 in the absence or presence of serial dilutions of test compounds. Cell viability was determined after 96 hrs at 37 °C by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) method. 25 Compounds were dissolved in DMSO at 100 mM and then diluted into culture medium.
